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Research Adds New Vitamin to List of 
Essential Factors in Which Milk Products Excel 


The inventory of specific nutritive essentials to which the superior food 
values of milk and milk products are attributable is growing at a rate almost 
directly proportional to the expansion of nutrition science and accumulation 


of research data. 


The addition of pantothenic acid—one of the most recently identified fac- 
tors of the vitamin B complex—to the roll of life-sustaining food factors in 
which milk products are known to excel, is a striking example of how nutri- 
tion research is gradually presenting fuller information on the composition 


of milk. 


Acknowledged to contain significant amounts of all the many nutritive sub- 
stances necessary to sustain life and promote growth, milk is particularly out- 
standing as a practical, daily food source of vitamins and minerals, as well as 
for nutritively superior fats, carbohydrate and proteins. Calcium, phosphorus, 
vitamin A, vitamin B,, vitamin B,, and nicotinic acid are among the supple- 
mentary food factors as sources of which = and milk products are ranked 
by nutritionists as “‘superior”’, “excellent”, or “good”. In this group now is 
placed the B-complex vitamin pantothenic ‘acid, as a result of recent research 


by California workers (1). 


Pantothenic Acid Long Known Only 
As “Filtrate Factor’? Component 


The vitamin factor, which is now recognized as pantothenic acid, first 
entered the scientific literature almost a decade ago, as have most of the other 
established vitamins of the B-complex group, as an “unidentified factor’. How 
this vitamin substance was temporarily designated as a component of the “‘fil- 
trate factor” (or factors) by virtue of its chemical and physical properties is out- 
lined by E. M. Nelson (2) in the American Medical Association’s recent sym- 


posium on the vitamins. 
The following is quoted from Nelson’s article: 
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THE FILTRATE FACTOR 


The name “Filtrate Factor” . . . was proposed provisionally to refer toa member | 
of the vitamin B complex which had been demonstrated in earlier investigations at | 
Cornell and Wisconsin . . . to prevent a dermatitis in chicks. The term was chosen | 
to refer to the method of preparation of concentrates containing the factor used by | 
Elvehjem and Koehn .. . but has also been used in referring to the fraction contain- | 
ing the vitamin. Subsequent studies, even as late as 1938 . . . report that filtrate fac. | 
tor preparations are effective in curing black-tongue in dogs or human pellagra. ... | 
The studies that have been made with nicotinic acid now make it clear that if the | 
term ‘‘Filtrate Factor” is to be retained, it should be used only as originally defined, 
viz., a factor which prevents a nutritional dermatitis (or perhaps preferably derma- 





tosis) in chicks. 


Norris and Ringrose . . . described a nutritional dermatosis in chicks which was | 
characterized by eruptions about the eyes, mouth and feet. The symptoms could be | 
cured by the addition of autoclaved yeast to the diet. ‘This observation led to fur- | 
ther studies on the factor involved... . 


In attempts to fractionate the whole vitamin B complex, it has been found that | 
if B, and riboflavin are first removed, further fractionation can be accomplished by | 
adsorption with fuller’s earth. The fraction remaining after such adsorption which | 
is free from Be contains the filtrate factor... . : 

Identification and Synthesis 
of Pantothenic Acid 


The discovery that pantothenic acid is an important component of the ‘“‘fil- | 
trate factor’, or the ‘‘chick antidermatitis factor’ as it also has been known, 
was made in 1939 almost simultaneously by research workers at the University 
of California (3), and the University of Wisconsin (4). 


Within less than a year, early in 1940, both the isolation of pure crystals 
of pantothenic acid (5) and the synthesis of the substance (6, 7, 8) were an- 
nounced. 
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The availability of pure pantothenic acid enabled research workers to deter- 
mine more definitely the nutritive function of this vitamin substance and its 
distribution in food materials, and to separately classify its nutritive functions 
as differentiated from those of other associated factors of the B complex. 
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Effects of Experimental 
Pantothenic Acid Deficiency 


The physiological importance of pantothenic acid was indicated in a num- 
ber of experiments with laboratory animals fed deficient diets. In 1940 Dr. 
G. C. Supplee and associates, of The Borden Company Biological and Chemt- | 
cal Research Laboratories (g), reported results of experiments in which anl- } 
mals suddenly and unpredictably collapsed and died, with no previous symp- | 


toms except inanition and lack of vitality, following prolonged feeding on a | 


Page Two 


% 
ee 








of | NUTRITION RESEARCH ieee April, 1941 





diet lacking a factor or factors of the B complex which the research workers at 


Der | that time had not identified. ‘The striking deficiency symptoms were such that 
we press accounts of the work termed the unknown factor “‘the vitality vitamin’. 
by | Subsequent studies, and comparison of results obtained from similar ex- 





periments in which pure pantothenic acid was used, indicate that pantothenic 
nail acid is involved.in the biological properties attributed to this so-called “‘vitality’’ 
factor, but that one other factor, vitamin in character, probably contributes to 


‘ 
= the ‘‘vitality” concept. Preliminary data from experiments now in progress at 
ay : The Borden Company Biological and Chemical Laboratories (10) indicate 

that this other factor seemingly is concerned with the accumulation of excess 
a fat in the liver, and that possibly this other factor also is concerned with the 
be | prevention of renal damage, characteristically resulting from certain deficient 
ur- : diets. 

: The outstanding effects on laboratory animals of extreme pantothenic acid 
lat | deficiency were observed in a series of studies by United States Public Health 
by | Service workers (11, 12, 13, 14). This work indicated that the adrenals were 
ich damaged seriously. 

' Pantothenic Acid Essential 

' to Human Nutrition 
ue Results of studies indicating that pantothenic acid has an important role 
ul | in human nutrition were published (15) within a few months after the isola- 
n, | tion and synthesis of this vitamin factor. The work was conducted by workers 
ty among some of the groups who participated in much of the early work which 

led to identification of the factor. The following is quoted from their report: 
” PANTOTHENIC ACID IN HUMAN NUTRITION 

| The syndrome resulting from a lack of pantothenic acid in the diet of the chick 

and the rat has been described . . . and the recent synthesis of pantothenic acid . . . 
T- | has made this substance available in pure form for clinical studies. Since there was 
ts | no information regarding the possible toxicity of this substance in human beings, 
1S | we administered varying amounts of calcium or sodium pantothenate to fifteen 


people and observed that 100 mg. of either salt may be injected intravenously with- 
out causing a reaction and without significant change in blood pressure, pulse, tem- 


perature and respiration. 


In making these observations we assayed the blood and urine for pantothenic 
acid ... before and at intervals after injection. We found that the pantothenic acid 
content of the blood increases up to 50 per cent above the preinjection level and 

N that this increase is noted within the first three hours after the injection but that 
, in all instances the value returns to its previous level within twenty-four hours. 
Urine specimens showed an increased pantothenic acid concentration immediately 
. | following the injection, but this also returned to normal within twenty-four hours. 
a The blood pantothenic acid concentration of twenty-eight patients with pellagra, 
a beriberi and riboflavin deficiency was decreased from 23 to 50 per cent, as compared 
a with the levels of eighteen normal persons. 
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Using a similar technic . . . we have assayed this same blood for riboflavin and | 
have found that following the injection of pantothenic acid there likewise is a rise of 

from 20 to 30 per cent in the riboflavin level of the blood. ‘The administration of 20 
mg. of calcium pantothenate daily, for four days, to four persons with cheilosis and 
typical ocular manifestations diagnostic of riboflavin deficiency caused similar tem- 
porary increases in the blood pantothenic acid and riboflavin. These values, how- | 
ever, returned to their previous levels when therapy was discontinued. 


SRE ET eee a tice 





We have found that the injection of 200 micrograms of riboflavin per kilogram | 
of body weight caused an increase of 80 per cent in the blood flavin concentration | 
and of 45 per cent in the pantothenic acid level. While these values remained high 
for from three to four hours, they returned in each instance to the former level by 
the next day. 


These observations indicate that pantothenic acid is essential to human nutri- 
tion and that its function is probably associated with that of riboflavin. 


The observations showed that pantothenic acid is functionally related to 
another B-complex factor, riboflavin. A correlation between the blood levels 
of these two factors indicated they have a coordinate role in the body metabo. | 
lism. : 


Pantothenic Acid Important | 
in Entire Biological World 


The experimental work indicating the role of pantothenic acid in human 
nutrition conforms with the view previously stated by nutritionists—that pan- 
tothenic acid is probably of universal importance in both plant and animal life. 


The wide significance of this vitamin in the chemistry of life and growth | 
is summarized in a paper by Williams (16), which also reveals the interesting } 
manner in which the vitamin was discovered and isolated. From an abstract of 
the paper the following is quoted: 


PANTOTHENIC ACID AND ITS NUTRITIONAL SIGNIFICANCE 


The discovery and isolation of the vitamin which we have named pantothenic , 
acid came about unconventionally inasmuch as it resulted from experimentation with 
microorganisms rather than with animals. 


While a number of the recognized vitamins (thiamin, riboflavin, nicotinamide, | 
adermin) have profound physiological effects on microorganisms, pantothenic acid 
is the only one discovered and isolated using microorganisms for biological testing. 


The general importance of pantothenic acid in the whole field of biology is in- 
dicated by its presence in all tissues, and in every form of plant, animal and bacterial 
life examined. . . . Its importance in the nutrition of the chick has been fully demon- 
strated, and its indispensability for rats seems certain. Its presence in the food 1s 
evidently unusually important during the early stages of growth of mammals. Milk 
is relatively rich. It is difficult to deplete rats, after weaning, with respect to this vita- 
min. They obtain it from milk and store it in the liver and other tissues, where it is _ 
built into colloidal constituents. Chicks, however, are easily depleted and the con- 
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tent of their tissues may be diminished 50% or more during a 14-day feeding period. 
Squabs after a period of growth on “crop milk” can live for an extended time receiv- 
ing only small amounts of pantothenic acid. 





w Milk Products Among Best Sources 
of Pantothenic Acid 


mn Whole milk is a good source of pantothenic acid and whey, buttermilk and 
a skim milk are excellent sources of this vitamin, it was shown in a study of 68 
yo food and feed products of natural origin, involving more than 200 biological 


assays, conducted by California workers (1) . 


Unpublished data from assays conducted at the Borden Biological and 
Chemical Laboratories (10) are in close agreement with the California results, 
1s and show, further, that there is no destruction of the pantothenic acid of milk 
during drying by either the spray or roller methods, and that dry skim milk 
| may be subjected to dry heat for a period of one hour at a temperature of 120° 

C without destruction of pantothenic acid. 


| In the California studies a pantothenic acid content of more than 28 mi- 
crograms per gram of dry material was classified as excellent, 14 to 28 micro- 
grams as good, 10 to 14 as moderate, and 4 to 10 as poor. Ranges of from 36 
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“ to 85 micrograms per gram for whey, 35 to 56 for churned buttermilk, and 21 
4 to 43 for skim milk placed these three milk products among the 16 excellent 
ok sources. Whole milk with a pantothenic acid content range of from 10 to 32 
h micrograms per gram was classified with 12 other good sources. 

; The high pantothenic acid content of skim milk has been confirmed in 


the previously-mentioned unpublished data from the Borden laboratories (10) . 
These assays showed a range of from 26 micrograms to as high as 46 micrograms 
of pantothenic acid per gram of skim milk solids. 


toes, lean beef, Zucchini squash, kale. 


; ! In addition to whey, buttermilk, and skim milk, the California studies 

showed, other excellent sources of pantothenic acid, were: brewers’ dried yeast, 
i liver (mammalian) , egg yolk, eggs, commercial “liver meal’’, broccoli leaves 
and blossoms, cane molasses (black strap) , peanut meal, broccoli, sweet pota- 


In addition to milk, other good sources listed were: canned salmon, Irish 
| potatoes, taro root, alfalfa, wheat bran, canned pumpkin, rice bran, split peas, 
tomatoes, cowpeas, soybean meal, cottonseed meal. 


- The following products were classified as poor sources as a result of the 
bio-assays: spinach, milo, onion, yellow corn, English walnuts, wheat germ. 
orange, sesame meal, polished rice, banana. 
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Pantothenic Acid Assays and Unitage F 
The introductory paragraphs of the original paper by the California work. | 
ers explain differences in currently used assay methods: : 


The distribution of pantothenic acid in a number of foods was Teported previ- ; 
ously in several communications ... in terms of “filtrate factor units” as determined | 
by assay with chicks. Subsequently i it was observed that one such “unit” corresponded | 
to 14 micrograms of pantothenic acid. .. . The present report summarizes the results | 
of biological assays of various materials by the chick method previously described. ... | 


The use of chicks for the assay is cumbersome by comparison with microbiologi- | 
cal methods. . . . However, from the standpoint of nutrition, the chick assay method | 
is perhaps advantageous i in that it parallels the conditions encountered during ali- | 
mentation. These observations do not alter the probability that the microbiological © 
assay method will almost entirely replace the chick assay method in the future. : 


Synthetic Pantothenic Acid Has One-Half 
Biological Value of Natural Vitamin | 


The California paper also reviews briefly data comparing the biological | 
value of natural pantothenic acid and that of the synthetic vitamin: | 


- It has been shown .. . that synthetic (dl) pantothenic acid has one-half the | 
activity for chicks of that possessed by natural pantothenic acid. The entire biologi- 
cal activity of synthetic pantothenic acid has been shown by Stiller and co-workers... 
to be due to the dextro-rotatory isomer. One chick “filtrate factor” unit therefore cor- 
responds to 14 vg. of dextro-rotatory pantothenic acid and the levo-rotatory form 
is without biological activity. 


Balance of B-Complex Vitamins 
in Various Foods Is Important 


The observation has frequently been made that the constituents of milk | 
are in very nearly the ideal relative proportions for optimum nutrition. Results 
of recent research tend to warrant the extension of this concept to the vita- | 
min balance of milk, particularly in regard to the multi-factor vitamin B 
complex. In a discussion of the results of their pantothenic acid assays, the 
California workers give an example of the balance relationship of factors ot 
the B complex. This is quoted, in part, in the following: | 


Several water-soluble vitamins, namely, thiamin, riboflavin, nicotinic acid, pyri- | 
doxine and pantothenic acid, are grouped under the term “vitamin B complex”. It 
has long been recognized that the members of this group are commonly associated 
with each other in nature, and in recent years the discovery of certain of the bio- 
chemical functions of these vitamins has made their widespread occurrence in liv- 
ing tissues readily understandable. It is important to recognize, however, that the | 
relative proportions of the B-complex vitamins differ — in various foods. This | 
observation may play a part in the “balancing”’ of diets. . | 


For example . . . it may be seen that egg, liver or milk will supply the dietary 
requirement of the chick for thiamin, riboflavin and pantothenic acid. The three 
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cereal [wheat] products listed will supply the thiamin requirement but in some in- 
stances are deficient in riboflavin or pantothenic acid. Comparatively large amounts 
of riboflavin and especially pantothenic acid are present in two foods, egg and milk, 
which are intended for the nutrition of young animals. 
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